Hypoventilation of normal persons during sleep causes the arterial carbon dioxide tension to rise (1) (2) (3) (4) (5) (6) (7) (8) (9) . Hypoventilation during sleep is accentuated when the respiratory center is further depressed by opiates (10) ; it might be suspected that carbon dioxide retention during sleep would be similarly accentuated in patients with chronic hypercapnia. Indeed, available evidence suggests that such patients with chronic obstructive pulmonary disease demonstrate even more marked hypoventilation while asleep than that seen in normal persons (11, 12) . This study was undertaken to determine the extent of hypoventilation in sleeping patients with chronic obstructive pulmonary disease. The study also presented the opportunity to determine the mechanisms responsible for the hypoxia sometimes seen in such patients (13) and to determine the ventilatory pattern during sleep.
Methods
The only criteria for selection of subjects were availability and the presence of severe chronic airway obstruction. The first 11 patients were studied during the evening hours. These patients were brought to the laboratory shortly before their accustomed hour of sleep (8 to 11 p.m.). The next 8 patients were studied in the early afternoon after a light lunch (1 to 3 p.m.). No t Recipient of U. S. Public Health Service postdoctoral fellowship lF2HE-20, 301-01. medication was given any patient to induce sleep, and all other medications were withheld for the 4 hours before the onset of the study.
When each patient reported to the laboratory, aerosol bronchodilator (2.5 mg isoproterenol and 5.0 mg cyclopentamine) was administered by an intermittent positive pressure breathing device. Approximately 15 minutes after the termination of the bronchodilator treatment, the patient performed a forced spirogram, and the various timed segments, flow rates, and volumes were determined in the usual way (14) . Parietal and occipital electroencephalogram (EEG) electrodes were then attached with electrode cream; electrocardiogram electrodes were fastened in position at the shoulders and thighs with bentonite paste and colloiden gel. A pneumatic cuff pressure transducer apparatus was connected to the patient's chest for the subsequent determination of respiratory movement. The patient was then placed in bed, and all of this apparatus was connected to a multichannel direct-writing recorder. When it was determined that all systems were operative, a Cournand needle was placed in a brachial artery, and that arm was secured with tape to a padded board. The patient was allowed to return to a stable state of basal respirations at which time base-line blood for gas analysis was drawn during EEG-monitored wakefulness. The lights were then subdued, and the patient was left undisturbed. During the entire study the patient was observed by one of the investigators, who noted changes in the patient's position, respiration, and clinical alertness. The recorder paper ran at 25 mm per second during most of the study period.
Blood for gas analysis was periodically drawn into sealed, heparinized syringes that were then occluded with a mercury cap. is well within the expected rise for this degree of acute hypercapnia (19) . The Paco2 was higher in the deeper stages of sleep ( Figure 1) ; the variability in Paco2 at any particular stage of sleep was large in some patients. In 17 of the 19 subjects the oxygen saturation during one or more of the samples taken while subjects were sleeping was lower than values while they were awake (Table II) . There was considerable variability in the oxygen saturation during the course of the sleeping period. In some cases the oxygen saturation remained below the waking level during the entire period of sleep and rose on waking to values before sleep, whereas on other occasions, the oxygen saturation fell and then rose again to waking values during the course of sleep. These fluctuations did not correlate with movement or position. There was a tendency for the patients with the lowest waking oxygen saturations to have the greatest falls in sleeping saturations, but this was not invariable (Tables I and  II tended to be rather low in the waking state, the large changes in saturation were brought about by relatively small changes in the arterial oxygen tension (Pao2) because of the shape of the oxygen dissociation curve. In addition, the changing pH associated with the rising Paao2 shifts the dissociation curve to the right. The mean maximal change in Pao2 from wake to sleep was only 7.4 mm Hg (SD ± 5.0). The heart rate during sleep was quite variable from subject to subject, but it remained relatively stable in any given subject. Replicate measurements were available for all patients at several stages of sleep, and the range in pulse rate for an individual in one stage of sleep averaged 8.7 beats per minute. There was no significant change in pulse rate from wake to sleep (p > 0.5). Moreover, during sleep there was no consistent tendency for the heart rate to change (mean change from stage A to stage C, -1.5, p > 0.7) (Table   III) . Patients with a mean sleeping oxygen saturation of less than 85%o had a mean sleeping pulse greater than 81, whereas only two of the twelve patients with a mean arterial oxygen saturation during sleep greater than 85%o had this high a mean pulse rate (p < 0.01).
The respiratory rate was not only quite variable from subject to subject, but also varied considerably from time to time in any individual subject. For any one individual during sleep the range in respiratory rate averaged 6.3 breaths per minute. There was no significant change in respiratory rate as the subject passed from wakefulness to sleep (p > 0.3) (Table IV) . Moreover, there was no consistent tendency for respiratory rate to change in relation to changes in the depth of sleep (mean change from stage A to stage C, 1.8, p > 0.3). The variability in the respiratory rate tended to occur as a subject changed from one level of sleep to another. As a subject remained in any level of sleep, the respiratory rate became monotonously regular. Patients with an oxygen saturation greater than 85% had a mean sleeping respiratory rate of 18.1 (SD + 2.9), whereas patients with a sleeping oxygen saturation of less than 85 % had a mean sleeping respiratory rate of 25.8 (SD ± 6.4, p < 0.001).
Discussion
Normal subjects consistently show a rise in PcO2 during sleep due to a diminished responsiveness of the respiratory center to carbon dioxide, and the greater the depth of sleep the more marked the rise (3) (4) (5) (6) (7) . Because this occurs so rapidly with the onset of sleep, it is thought to be a neurogenic effect. Increases in PACO2 in normal subjects have been reported as high as 14 mm Hg, and a rise of 10 mm Hg is not uncommon. In the series of normal subjects reported by Robin, 
